Abstract. The use of orthotropic plates is common in all the fields of structural engineering: civil, traffic, aerospace and naval. In this paper the transverse vibration of orthotropic rectangular plates under moving bodies is investigated. The method of substructures is used to derive transverse vibration equations of an orthotropic rectangular plate under the action of moving bodies. For the calculation of dynamic response of orthotropic rectangular plate we use Ritz method and numerical integration method.
INTRODUCTION
An orthotropic plate is defined as one, which has different elastic properties in two orthogonal directions. Many types of bridges, such as solid or voided slab decks and beam and slab decks, can be modeled as orthotropic plates. The evaluation of structure-borne noise of a highway or railway bridge can also be considered as an orthotropic plate with moving bodies. However, little work on this area has been done probably because of the difficulty and the plethora of factors and uncertainties involved [1, 2, 3, 5, 8, 9] .
The calculating eigenfrequencies of orthotropic plates have been studied in [3, 4, 5, 6] . The dynamical analysis of an orthotropic plate under the action of moving forces has attracted in [7, 8, 9] . The method of substructures and the Ritz method have been used for calculating transverse vibrations of a continuous beam on rigid and elastic supports under the action of moving bodies [10, 11, 12] . In this work, we use the method of substructures to derive transverse vibration equations of an orthotropic rectangular plate under the action of moving bodies. The Ritz method is used to analyze the obtained vibration equations.
DERIVATION OF VIBRATION EQUATIONS USING THE METHOD OF SUBSTRUCTURES
Consider an orthotropic rectangular plate under moving bodies (Fig. 1) . The i-th body (i = 1, .. , N) consists of the mass mi attached to the spring system with rigidity ki and damping di directly proportional to the velocity. The i-th body moves with the velocity Vi and is subjected to the action of a force Gi sin(Oit + /i) caused by an unbalanced mass, which rotates with angular velocity o;. Where Gi is the amplitude of the force.
G; sin( n;t + y;) G 1 sin(n;1+y 1 ) Using the method of substructures to derive vibration equations of the plate and the bodies, we divide the system into N + 1 substructures: plate an N bodies (Fig. 2) . In there Zi is the absolute coordinate of the i-th body in the vertical direction. The position of the i-th body can be determined by the relation (1)
Where Ti denotes the time when the i-th body starts moving along the straight line T/i =bi of plate with the constant velocity Vi· Additionally, it is supposed that during the motion, the i-th body is not separated from the plate and its velocity Vi satisfies the condition of The pressured load p(x, y, t) of bodies on the piate is determined by the following form:
In equation (2) we use the Dirac -functions 8(x -~i), 8(y-TJi) and the logic signal -function Li(t), which are determined by the following relations
with Ti= a/vi
An orthotropic material is characterized by the fact that the mechanical elastic properties have two perpendicular planes of symmetry. Due to this condition only four elastic constant are independent, namely Ex, Ey, Gxy, Vx or Vy. The coefficients Vx, Vy can be determined using the equation 
By introducing the parameters
where pis the plate density, w is the out-of-plane displacement and
If we use the operator L which is defined by a4 a4 a4
then equation (7) has the following form
where a and (3 are damping constants. The equation describing the vibration of the i-th body has the following form
(10) 
(13)
CALCULATING DYNAMIC RESPONSE BY RITZ METHOD
Using the mode superposition principle, a solution of equations (7) and (11) with the boundary conditions (12) and (13) is assumed in the form
In which qri(t)(r = 1, ... ,n; i = 1, ... ,m) are generalized coordinates to be determined, Wri(x, y) are eigenfunctions.
By substituting the relation (14) into equation (7) we obtain
Multiplying equation (15) 
Substituting the relations (18) and (19) into equation (11) we have 
The Runge -Kutta method is used for calculating the solutions of the ordinary differential equation (21). Based on this algorithm, a computer program for calculating transverse vibrations of orthotropic rectangular plates under moving bodies is created using C++ language at the Hanoi University of Technology.
EXAMPLE
The Fig. 3 shows the mechanical model of the considered orthotropic rectangular plate 
L~·~· y The system of a partial differential equation and ord inary differential equations which describes the transverse vibration of orthotropic rectangular plate under moving bodies is established by the method of substructures.
The dynamic response of an orthotropic rectangular plate under the action of moving bodies has been invest igated, both analytically and numerically. 
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